Background. There were few studies on the relation between the body surface distribution of high-and low-frequency components within the QRS complex and ventricular tachycardia (VT).
Low-amplitude, high-frequency signals at the terminal QRS and early ST segment identified in the time domain (so-called late potentials) have been considered a good marker of ventricular tachycardia (VT) in patients with previous myocardial infarction (MI).' However, there were few studies about the relation between the body surface distribution of highand low-frequency components within the QRS complex and VT. An infinite impulse response (IIR) filter, such as a recursive Butterworth digital filter, has commonly been used to analyze the signal-averaged ECG.' IIR filters can achieve a sharp frequency response and isolate late potentials, but they have a poor phase response, do not preserve QRS morphology, and are not suitable for making accurate measurements of amplitude or energy throughout the QRS. 2 On the other hand, fast Fourier transform (FFT) filters have an ideal phase response, and the filtered ECG morphology is well preserved. 3 In this study, we recorded 87-lead ECGs (ECG data were signal-averaged and filtered by use of the FFT filter) and investigated the relation between VT and the spatial distribution of the highand low-frequency potentials within the QRS complex.
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Methods

Subjects
The study population consisted of 30 patients (26 men, four women; age, 35-68 years; mean, 55 years) with previous anterior transmural MI (MI group) and 30 normal volunteers (N group, all men; age, 21-36 years; mean, 25 years). In the MI group, all patients had 1) a history of typical prolonged chest pain; 2) characteristic serial elevation of serum enzymes (creatine phosphokinase, glutamic oxaloacetic transaminase, and lactic dehydrogenase); 3) abnormal Q waves in anterior precordial leads; 4) wall motion abnormalities in the anterior wall of the left ventricle (segments 2 and/or 3 according to the reporting system of the American Heart Association4) proven by left ventriculography; and 5) significant stenosis of 70% or more in the left anterior descending artery. Patients with intraventricular conduction disturbance or those who had had an MI during the previous 4 weeks were excluded. In the MI group, patients were divided into two groups with the presence or absence of VT according to findings in a 24-hour ambulatory ECG: the MI-VT(+) group (n=10) and the MI-VT(-) group (n=20). VT was defined as five or more successive ventricular premature beats. Four patients had at least one documented episode of sustained VT, and six patients had nonsustained VT. In the N group, all subjects had normal standard 12-lead ECG, normal echocardiograms, and no history of cardiovascular disease. Informed consent was obtained from all subjects before the study was begun. This study was approved by the Yamagata University Ethical Committee.
ECG Recordings
Body surface ECG mapping was performed by means of the VCM-3000 system (Fukuda Denshi Co., Tokyo). The location of lead points and the procedure used for the data sampling and processing have been described in detail elsewhere.5-7 Eighty-seven body surface leads were arranged in a lattice-like pattern ( (5) AQRSmax (40-80~z) (Figure 4b ), significant differences were found among these three groups. The MI-VT(-) group had smaller maximal values of QRS area maps than the N group (p<0.01), and the MI-VT(+) group had smaller maximal values than the MI-VT(-) group (p<O.Ol). In the 80-150-Hz range (Figure 4c) , the MI-VT(+) group had smaller maximal values of QRS --H F _. '10 Some investigators"',12 reported that total high-frequency energy throughout the QRS decreased in patients with VT. However, these studies evaluated bipolar X-, Y-, and Z-lead ECGs, and few studies evaluated the spectral change by use of FFT filter in multiple-lead body surface ECGs. We analyzed 87-lead unipolar ECGs, which can provide information about the body surface distributions of high-and lowfrequency potentials within the QRS complex.
In normal subjects, the maxima of QRS area maps were located in the left anterior chest (leads around G4) in both low-and high-frequency ranges. In the MI group, the maxima of QRS area maps of low-frequency components were located in the middle anterior chest (E4, E5, F4, and F5), corresponding to the QS area.
However, in the high-frequency components, the maxima were located in the left anterior chest (leads around G4) and were shifted to the left compared with those of low-frequency components.
In this study, it was demonstrated that in the middle anterior chest, corresponding to the QS (infarcted) area, the magnitude of high-frequency components showed relatively lower values than those of low-frequency components. There were no remarkable differences in the pattern of QRS area maps between the MI-VT(+) and MI-VT(-) groups.
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